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EXECUTIVE SUMMARY

This report presents the results of the Phase Il Environmental Site Assessment (ESA) conducted on
behalf of the Turtle Creek Valley Council of Governments (TCVOG) for the East Portion of Parcel 307-D-
001, located north of Center Street in McKeesport (Allegheny County), Pennsylvania (i.e., the Property).

The Property encompasses approximately 1 acre of vacant, former industrial land. The Property is
recorded in the Allegheny County Tax Assessment as the east portion of Parcel 0307-D-00001-0000-00.
The Property and adjoining properties were historically utilized as portions of a larger industrial facility, the
Industrial Center of McKeesport. More specifically, the National Tube Works/Company produced steel
tube and pipe of varying sizes and characteristics on this larger property. The Property specifically
consisted of the former Laddle Repair Building and a portion of the Blowing Room structure. In 1987, the
National Tube Works shut down. Since circa 1987, the Property has been vacant.

The historical site characterization reports that included the Property are:

e Environmental Assessment of the USX Corporation National and Duquesne Plants by Duncan,
Lagnese, and Associates, Inc. (DLA) in May 1988;

e Groundwater Contamination Study, Final Report by DLA in October 1988;

e Groundwater Quality Assessment Summary Report by [CF Kaiser Engineers, Inc. (ICF Kaiser) in
August 1993;

o  Soil Assessment Program Summary Report by ICF Kaiser in January 1997;

e Remedial Investigation, Baseline Risk Assessment, and Cleanup Plan (RI-RA-CP Report) by KU
Resources in June 2000;

e  Supplemental Addendum to Remedial Investigation, Baseline Risk Assessment, and Cleanup
Plan by KU Resources in January 2001; and

e Cleanup Plan Addendum by KU Resources in May 2012.

According to the 2000 RI-RA-CP Report, constituents detected above the applicable medium-specific
concentrations (MSCs) in soil at the Industrial Center of McKeesport included cadmium, iron, lead,
mercury, vanadium, benzo(b)fluoranthene, benzo(k)fluoranthene, and methylene chloride. Constituents
detected above the applicable MSCs in groundwater were lead, ammonia, naphthalene, and
tetrachloroethene. Based on the findings of the RI-RA-CP Report, the additional Phase Il assessment
activities included the collection of surface and subsurface soil samples at various locations to augment
the existing soil quality data for the Property. These soil samples were analyzed for organic constituents
only; in order to verify that these constituents are located on the Property. It is assumed from past data
that metals are present at the Property, since metal impacts have been documented throughout the
Industrial Center of McKeesport property. Organic constituent detections were more isolated.

Any constituents present in soils at the Property would be expected to have originated from facility

operations, and entered Property soils at or near the ground surface. For these constituents to enter
groundwater, they would have to migrate through the remaining thickness of unsaturated fill via a
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leaching mechanism to a depth of 25 to 30 feet below grade. Any subsequent constituent migration in the
groundwater would be to the north, with an ultimate discharge to the Monongahela River.

Groundwater is not currently in use on the Property or adjoining properties. These properties are
provided water from the municipal water supplier. Future use of groundwater will be restricted via an
environmental covenant. Therefore, further groundwater characterization is not included in this Phase Il
ESA.

A Site-Specific Sampling and Analysis Plan (SAP) for this Phase Il ESA, dated September 2014, was
prepared by KU Resources, and submitted to the United States Environmental Protection Agency (U.S.
EPA) under its U.S. EPA-sponsored brownfields program. In October 2014, the U.S. EPA indicated that
the SAP was acceptable.

As presented in the SAP, a sampling design program was developed and carried out on the Property to
verify if organic constituents were present in the soil. The following were incorporated into the sample
design:

e Two composite soil samples each were collected from within the 0- to 4-foot depth interval from
four excavated trenches (TT-01 through TT-04).

e All of the soil samples were analyzed for Target Compound List (TCL) polychlorinated biphenyls
(PCBs) and TCL semi-volatile organic compounds (SVOCs). TCL PCBs were analyzed via
laboratory Method 8082A. TCL SVOCs were analyzed via Method 8270D.

e All of the soil samples were field screened with a photoionization device (PID). Since no soil
samples were above background levels on the PID, none were analyzed for TCL volatile organic
compounds.

Based upon the laboratory results, screening of all the detected constituents in soil against the applicable
non-residential MSCs indicated the following:

e SVOCs: Atotal of 22 SVOCs were detected in the soil samples above the laboratory detection
limit (LDL); however, none of these concentrations exceed the applicable non-residential MSCs.

e PCBs: Two PCBs (PCB 1254 and PCB 1260) were detected in the soil samples above the LDL;
however, neither of these two constituents were detected above the applicable non-residential
MSCs.

In conclusion, all of the detected SVOC and PCB constituents in TT-01 through TT-04 were at least one
order of magnitude below their applicable MSCs.
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1.0 INTRODUCTION

A Site-Specific Sampling and Analysis Plan (SAP) for this Phase 1l Environmental Site Assessment
(ESA), dated September 2014, was prepared by KU Resources, Inc. (KU Resources) on behalf of the
Turtle Creek Valley Council of Governments (TCVOG) for the East Portion of Parcel 307-D-001, located
north of Center Street in McKeesport (Allegheny County), Pennsylvania (i.e., the Property). The SAP was
submitted to the United States Environmental Protection Agency (U.S. EPA) in accordance with its
brownfields program. In October 2014, the U.S. EPA indicated that the SAP was acceptable.

The objective of this Phase Il ESA was to verify if organic constituents were present in the Property soil
via an intrusive sampling and analysis program.

This Phase |l ESA Report has been developed by KU Resources on behalf of TCVOG for the Property.
The findings of the investigation are presented herein and follow the general guidance included in ASTM
International’s Standard E 1903-11 Standard Practice for Environmental Site Assessments: Phase I
Environmental Site Assessment Process.
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2.0 BACKGROUND

2.1 Site Description and Features

The Property is a portion of the larger Industrial Center of McKeesport property, located along Lysle
Boulevard in McKeesport (Allegheny County), Pennsylvania. The Property encompasses approximately
1 acre of land. No structures are currently located on the Property. The Property is recorded in the
Allegheny County Tax Assessment as the east portion of Parcel 0307-D-00001-0000-00. Figure 2-1
identifies the Property location on a U.S. Geological Survey Quadrangle map. Figure 2-2 provides a
Property Layout Map, including the Property boundaries and the Phase Il ESA sampling locations.

2.2 Physical Setting

The Property is situated on the north side of Center Street, and commercial/light industrial properties
surround the Property to the west, east, and south. The north boundary of the Property is bordered by
the bicycle trail and railroad tracks. The nearest surface water (Monongahela River) is located
immediately beyond the railroad tracks to the north of the Property. The Property is generally
topographically level. A small gravel area is located on the west portion of the Property. The remaining
portions of the Property are vegetated.

2.3 Site History and Land Use

As presented in the Groundwater Quality Assessment Summary Report (ICF Kaiser, 1993), the history of
the Industrial Center of McKeesport dates back to 1870, when the Flagler Company purchased the
partially rebuilt works of the Fulton-Bolman Company in McKeesport. Shortly thereafter, the Flagler
Company became incorporated as the National Tube Works. In 1899, the 13 major tube and pipe
producers, including the National Tube Works, were consolidated and named the National Tube
Company. On March 1, 1901, the National Tube Company became a subsidiary of United States Steel
Corporation (USS). Although the National Tube Works never included a coke plant, it served as the
“mother plant” of the USS Eastern Steel Operations’ tubular products section for the next 80 years.

Throughout the 1900s, the National Tube Works produced steel tube and pipe of varying sizes and
characteristics. In 1969, the National Tube Works merged with the USS Duquesne Works located across
the Monongahela River. Following this merger, many of the operations at the National Tube Works were
shut down, including the closing of the open hearth, blooming mill, rolling mill, and all but one of the blast
furnaces. Figure 2-3 shows the mill operations on the Property as they appeared in the 1980s.
Specifically, the Property formerly consisted of the Laddle Repair Building and a portion of the Blowing
Room structure.

[n 1987, the National Tube Works shut down, and ownership was transferred to Allegheny County in
1989. In 1990, the Allegheny County Industrial Development Authority transferred ownership of the 135-
acre site to the RIDC Growth Fund. In an effort to revitalize the City of McKeesport, create jobs, and
promote economic growth, the RIDC Growth Fund began preparing the site for redevelopment as an
industrial park. This ongoing effort has included the following:
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e Removal and off-site disposal of polychlorinated biphenyls (PCBs) and PCB-contaminated
electrical equipment;

e Removal, decontamination, and off-site disposal of materials from tanks, vessels, equipment, and
piping;

e Asbestos abatement;

e Staging, removal, transportation, and off-site disposal of approximately 2000 drums;

e Removal of eight underground storage tanks;

e Remediation of over 100 concrete pits and sumps;

e Removal, transportation, and off-site disposal of waste piles;

e Renovation of selected existing buildings and portions of buildings;

e  Demolition of various buildings not suited for renovation;

o  Construction of new infrastructure;

e  Construction of a new building housing an industrial operation near the main entrance of the
facility; and

e Refurbishment of a portion of the McKeesport Commons facility.

In 1993, the Industrial Center of McKeesport was designated as a General Industrial District by the City of
McKeesport. The subdivided parcels within the Industrial Center of McKeesport are, therefore, permitted
for uses such as manufacturing, printing and publishing, warehouse/storage, vehicle repair, and railroad
or truck terminals. Other conditional uses for which the land has been approved include research and
development, testing laboratories, and warehouse/storage facilities for hazardous materials.

2.4  Adjacent Property Land Use

The adjacent properties are a mix of various land uses, as follows:

o North: bicycle trail, railroad tracks, Monongahela River;

e South: Center Street, beyond which is Steel City Products (automotive supply manufacturing and
distribution center);

o [East: Consolidated Power Supply (commercial business that sells nuclear certified products);
and

e West: former railroad roundhouse structure — currently unoccupied.

The past uses of the adjoining properties were all included in the history of the Industrial Center of
McKeesport but, more specifically, the adjoining properties were occupied by the following structures:

e North: pump station and railroad tracks;

o South: train turntables and blast furnaces;

e East: sub-station, electric repair shop, bar mill, and billet peelers; and
o West: railroad roundhouse.
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2.5 Previous Assessments

The historical site characterization reports that included the Property are:

e Environmental Assessment of the USX Corporation National and Duquesne Plants by Duncan,
Lagnese, and Associates, Inc. (DLA) in May 1988;

e Groundwater Contamination Study, Final Report by DLA in October 1988;

e Groundwater Quality Assessment Summary Report by ICF Kaiser Engineers, Inc. (ICF Kaiser) in
August 1993;

¢ Soil Assessment Program Summary Report by ICF Kaiser in January 1997;

e Remedial Investigation, Baseline Risk Assessment, and Cleanup Plan (RI-RA-CP Report) by KU
Resources in June 2000;

e Supplemental Addendum to Remedial Investigation, Baseline Risk Assessment, and Cleanup
Plan by KU Resources in January 2001; and

e Cleanup Plan Addendum by KU Resources in May 2012.

A Final Report and Environmental Covenant were submitted and approved for the Industrial Center of
McKeesport in October 2013 and May 2014; however, Parcel 307-D-001 (containing the Property) was
not included in these documents. Previous documents are included on a CD as Appendix A.

2.5.1 Conclusions of the Previous Reports

According to the 2000 RI-RA-CP Report, newly acquired site data and physical information were
compiled with the previously-collected information and compared with the Pennsylvania's Land Recycling
and Environmental Remediation Standards Act (Act 2) Statewide Health Standard Medium-Specific
Concentrations (MSCs). A conceptual site model was then developed, constituents of concern (COCs) in
soil and groundwater were identified, five exposure pathways of interest were identified, and pathway
elimination approaches were developed to address four of the five identified exposure pathways of
interest. These pathway elimination approaches included waste removal activities, pavement and
vegetated soil covers, and groundwater use restrictions. The remaining exposure pathway of interest that
could not be addressed by pathway elimination was the groundwater to surface water pathway. The RA
evaluated this pathway and demonstrated that estimated in-stream concentrations were well below the
Pennsylvania surface water quality criteria for both aquatic life and human health. No further action was
required for this pathway. The ecological receptor evaluation concluded that no potentially viable habitats
for ecological receptors are located on the property due to site development and physical conditions.

Identified COCs on the Industrial Center of McKeesport property included the following:

o Soil

Benzo(b)fluoranthene,
Benzo(k)fluoranthene,
Cadmium,

lron,

Lead,

Mercury,

O O O O O O
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o Methylene Chloride, and
o Vanadium.

o Groundwater
o Ammonia,
Lead,
Naphthalene, and
Tetrachloroethene (PCE).

o O O
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3.0 WORK PERFORMED AND RATIONALE

31 Conceptual Site Model

The potential for adverse risks to arise from contact with constituents in an environmental medium is
based on the following four factors: 1) chemicals must be present at hazardous levels, 2) an
environmental medium must be present to receive or transport the chemicals, 3) receptors must be
present, and 4) exposure pathways must exist between the source of the chemicals and receptors. In the
absence of any one of the four components, risks do not exist. The presence of all four elements
indicates a potential for risks to human health, but does not necessarily indicate an unacceptable risk.

Development of a conceptual site model is a critical step in the Phase Il ESA process to identify the
potential sources of constituents, the release mechanisms into environmental media, and potential
exposure pathways and receptors.

3.1.1 Target Analytes

According to the 2000 RI-RA-CP Report, constituents detected above the applicable MSCs in soil at the
Industrial Center of McKeesport included cadmium, iron, lead, mercury, vanadium, benzo(b)fluoranthene,
benzo(k)fluoranthene, and methylene chloride. Constituents detected above the applicable MSCs in
groundwater were lead, ammonia, naphthalene, and PCE. Based on the findings of the RI-RA-CP
Report, the additional Phase Il assessment SAP activities included the collection of surface and
subsurface soil samples at various locations to augment the existing soil quality data for the Property.
These soil samples were analyzed for organic constituents only; in order to verify that these constituents
are located on the Property. Itis assumed from past data that metals are present at the Property, since
metal impacts have been documented throughout the Industrial Center of McKeesport property. Organic
constituent detections were more isolated.

3.1.2 Pathways of Interest

Information regarding Property hydrogeology indicates that there is a relatively thick unsaturated zone
present across the Property, with groundwater levels occurring at depths of 25 to 30 feet. The upper unit
is predominantly composed of slag fill, with minor occurrences of other fill materials such as brick, sand,
and soil.

There is no evidence suggesting the disposal of chemical waste materials during the placement of this fill
unit. Any constituents present in soils at the Property would, therefore, be expected to have originated
from facility operations, and entered Property soils at or near the ground surface. For these constituents
to enter groundwater, they would have to migrate through the remaining thickness of unsaturated fill via a
leaching mechanism to a depth of 25 to 30 feet below grade. Any subsequent constituent migration in the
groundwater would be to the north, with an ultimate discharge to the Monongahela River.

In a typical setting, multiple migration pathways exist that create the potential for contact between

chemical constituents and receptors. These pathways include direct ingestion, inhalation, or dermal
contact with soil and/or groundwater. Constituents may also migrate through the soil to groundwater, and
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groundwater may migrate to surface water. Finally, vapors from contaminants present in soil and/or
groundwater may migrate upwards to the surface, creating an indoor air exposure pathway.
Pennsylvania regulations allow a remediator to eliminate potential migration exposure pathways where it
can be demonstrated that the pathway either does not exist or results in acceptable exposure levels
based upon current guidance or regulations.

Groundwater is not currently in use on the Property or adjoining properties. These properties are
provided water from the municipal water supplier. Future use of groundwater will be restricted via an
environmental covenant. Therefore, further groundwater characterization is not included in this Phase |l
ESA.

3.2 Scope of Assessment

Field activities were implemented as presented in the SAP (KU Resources, 2014). A Health and Safety
Plan was prepared for use with all field sampling activities. The soil investigation included collecting soil
samples from four excavated trenches (within the 0- to 4-foot depth interval). Groundwater samples were
not collected. All field activities occurred on November 3, 2014,

3.3 Exploration, Sampling, and Test Screening Methods

3.3.1 Trench Excavations

Four test trenches (TT-01 through TT-04) were excavated using a backhoe vehicle on the Property.
These trenches were located in the four cardinal quadrangles of the Property (north, south, east, and
west). These trenches overlapped slightly to ensure that the entire Property was covered. The frenches
were excavated to 4 feet below ground surface or equipment refusal/bedrock; whichever occurred first.

Field notes were recorded as the test trenches were excavated on the Property. A typed version of these
notes is included in Appendix B. Depth of the trenches and approximate length of each depth was
recorded. Photographs were also taken during the trenching activities (see Appendix C). The test trench
locations are included on Figure 2-2, Property Layout Map.

3.3.2 Soil Sampling

Soil samples were collected as composite samples from the 0- to 4-foot depth interval from the four
excavated trenches. Two composite samples were collected from each trench for a total of eight soil
samples. Suspect material (material with visible and/or odorous indications of soil quality impacts) was
not found during the trenching activities; and, therefore, was not sampled.

All samples were examined in the field, and field logs noting soil and lithologic descriptions,
environmental quality observations, and other pertinent information were maintained. The soil samples
were field screened with a photoionization device (PID) equipped with a 10.6 electron volt (eV) lamp. The
soil samples were placed into air-tight zipped baggies, following excavation. Screening of these samples
occurred immediately after opening each baggie. The results of the field screening were recorded as a
parts-per-million concentration in the field logbook. According to the PID results, none of the soil samples
were found above background levels.
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Samples were then transferred to sample containers for laboratory analysis. The soil samples were
submitted to a certified laboratory for analysis. Filled sample containers were placed on ice in an
insulated cooler pending completion of the day’s sampling activities. Samples were packaged for delivery
to the laboratory at the completion of the working day, ensuring that the samples remained cool
(approximately 4° C) until logged in by the laboratory. The shipping containers were accompanied by a
completed lab-supplied chain-of-custody form. All of the soil samples were analyzed for Target
Compound List (TCL) PCBs and TCL semi-volatile organic compounds (SVOCs). Trenches were
backfilled upon completion of the sampling.

3.4  Chemical Analytical Methods

As presented in the 2014 SAP, a sampling design program was developed and carried out on the
Property to verify if organic constituents were present in the soil. The following were incorporated into the
sample design:

e Two composite soil samples each were collected from within the 0- to 4-foot depth interval from
the four excavated trenches.

e All of the soil samples were analyzed for TCL PCBs and TCL SVOCs. TCL PCBs were analyzed
via laboratory Method 8082A. TCL SVOCs were analyzed via Method 8270D.

e All of the soil samples were field screened with a PID. Since no soil samples were above
background levels on the PID, none were analyzed for TCL volatile organic compounds.
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4.0 PRESENTATION AND EVALUATION OF RESULTS

4.1 Subsurface Conditions

Please refer to Figure 2-1 that illustrates the location of the Site on a U.S. Geological Survey 7.5-minute
topographic map. Regional and site geology and hydrogeology were discussed by both DLA (1988a,
1988b) and ICF Kaiser (1993).

4.1.1 Geological Setting

According to DLA and ICF Kaiser, at the Industrial Center of McKeesport property (including the
Property), a surficial fill unit is present that is comprised primarily of poorly sorted slag ranging to cobble
size. This unit ranges to as much as 35 feet thick. The natural soil underlying the slag fill generally
consists of layers of sand and silty clay, interspersed with gravel. This unit is present to depths of up to
80 feet. The upper bedrock, encountered at a depth of 80 feet, was reported to be a red-gray clay shale.

4.1.2 Hydrogeological Conditions

Based on water levels in the monitoring wells installed by DLA and ICF Kaiser, it was determined that the
first water-bearing unit present in the unconsolidated materials (slag fill and natural soils) at the Industrial
Center of McKeesport property is continuous to the bedrock surface, and that groundwater flow is north,
to the Monongahela River. Water levels were generally found between depths of 25 to 30 feet below
grade. Groundwater velocities were estimated to be between 1 and 10 feet per year.

4.2 Evaluation of Analytical Data

4.2.1 Data Validation

The Quality Assurance Project Plan (Section D) provides the data validation and usability protocols and
how the overall Data Quality Objectives for this project will be met by verifying the methods and results to
collect, develop, and report the data.

Any issues associated with data usability were resolved through the consultant’s experience with the
protocols and limitations associated with Pennsylvania’s Act 2. Any limitations on the use of the data
were conveyed to the decision makers through periodic program updates, as well as within this Phase Il
Assessment report which documents the implementation of the SAP.

4.2.2 Soil Results

Soil samples were collected from the depth intervals of 0 to 4 feet from the four test trenches (TT-01
through TT-04). The soil data was compared to the Pennsylvania’s Act 2 MSCs for non-residential soils.
A summary of soil analytical results with detected constituents is provided as Table 4-1. Low levels of
organics were detected in the soil samples. Laboratory analytical results are included in Appendix D.

Screening of all the soil results against the applicable non-residential MSCs indicated the following:
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e SVOCs: Atotal of 22 SVOCs were detected in the soil samples above the laboratory detection
limit (LDL); however, none of these concentrations exceed the applicable non-residential MSCs.

e PCBs: Two PCBs (PCB 1254 and PCB 1260) were detected in the soil samples above the LDL;
however, neither of these two constituents were detected above the applicable non-residential

MSCs.

TCVC14341CSP 10
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5.0 CONCLUSIONS

In conclusion, all of the detected SVOC and PCB constituents in TT-01 through TT-04 were at least one
order of magnitude below their applicable MSCs. It is assumed from previous data on the Industrial
Center of McKeesport property that metals are present at the Property.

TCVC14341CSP 1M
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Table 4-1: Detected Constituents in Soil Samples from Test Trenches
East Portion of Parcel 307-D-1, McKeesport, PA

Sample ID|] TT-01A TT-01B TT-02A TT-02B TT-03A TT-03B TT-04A TT-04B

Sample Date| 11/3/2014 | 11/3/2014 | 11/3/2014 | 11/3/2014 | 11/3/2014 | 11/3/2014 | 11/3/2014 | 11/3/2014

Depth (ft-bgs) (0-4) (0-4) (0-4) (0-4) (0-4" (0-4" (0-4" (0-4)
Constituents msc® | msc®
SVOCs (mg/kg)
Acenaphthene 170,000| 4,700 | 0.025 J| 0.022 J| 0031 J|[ 0.032 J| 003 J| 0035 J| 0.043 J| 0.027 J
Acenaphthylene 170,000| 6,900 | 0.099 0.043 J| 0.15 0.23 0.18 0.26 0.11 0.21
Anthracene 190,000 350 0.11 0.096 0.24 0.22 0.23 0.31 0.23 0.25
Benzo(a)anthracene 110 320 0.59 0.66 0.7 0.8 0.72 1.4 0.95 0.96
Benzo(a)pyrene 11 46 0.56 0.61 0.62 0.8 0.67 1.4 1.1 0.74
Benzo(b)fluoranthene 110 170 0.83 0.92 0.74 1.1 0.97 2 1.3 1.2
Benzo(g,h,i)perylene 170,000] 180 0.58 0.51 0.58 0.78 0.66 1.7 1.1 0.84
Benzo(k)fluoranthene 1,100 610 0.39 0.31 0.39 0.39 0.35 0.62 0.55 0.45
Biphenyl, 1,1 140,000 2,200 | 037 U| 037 U| 0v3 U| 075 U| 038 U| 038 U|l 036 U| 0044 J
Bis(2-ethylhexyl)phthalate | 5,700 130 076 U] 075 U 1.5 Uu| 15 U] 077 U|l o077 U| 016 J| 075 U
Carbazole 4,000 83 0.044 J| 0065 J| 0089 J| 0.077 J| 0.063 J| 0.069 J| 0.11 0.11
Chrysene 11,000 230 0.7 0.71 0.65 0.86 0.77 15 1 0.88
Dibenzo(a,h)anthracene 11 160 0.12 0.11 0.17 0.13 J| 0.19 0.43 0.28 0.21
Dibenzofuran 2,800 260 006 JJ| 0051 Jf 011 J| 021 J) 0411 J| 0.083 J| 0092 J| 016 J
Diethyl phthalate 10,000 | 8,200 | 0.12 J 037 U| 073 U| 0v5 U| 038 U] 007 J| 0.041 J| 0.043 J
Fluoranthene 110,000] 3,200 | 0.93 0.8 1 1.3 1.3 1.8 1.5 1.4
Fluorene 110,000| 3,800 | 0.029 J | 0.029 J 0.1 J| 0045 J| 0.043 J| 0.049 J| 0.086 0.085
Indeno(1,2,3-cd)pyrene 110 |28,000| 0.47 0.42 0.56 0.71 0.61 14 0.87 0.7
2-Methylnaphthalene 11,000 | 1,600 | 0.074 J 0.081 0.12 J| 0.16 0.17 0.14 0.084 0.14
Naphthalene 56,000 25 0.16 0.11 012 J| 012 J| 0.22 0.16 0.16 0.33
Phenanthrene 190,000 10,000 0.45 0.55 0.67 0.65 0.75 0.65 0.92 0.99
Pyrene 84,000 | 2,200 0.8 0.97 0.84 1.1 0.95 1.9 1.2 1.1
PCBs (mg/kg)
PCB-1254 40 260 0.57 0.57 0.091 0.68 0.24 0.085 0.021 1.3
PCB-1260 40 590 0.097 0.11 0.068 0.26 0.12 0.099 0.033 0.22

MSC: Medium-Specific Concentration.

mg/kg: millogram per kilogram.

Shaded: Exceeds Direct Contact MSC.

Bolded: Exceeds Soil-to-Groundwater MSC.

D). PADEP Direct Contact, Used Aquifer, non-residential.

@. pADEP Soil-to-Groundwater, Used Aquifer, non-residential.
U: Non-detect.
J: Lab estimate.
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INTRODUCTION

This site-specific Sampling and Analysis Plan (SAP) has been prepared on behalf of the Turtle Creek
Valley Council of Governments (TCVOG) to define the scope of the additional Phase Il assessment
activities for the East Portion of Parcel 307-D-001 located north of Center Street in McKeesport
(Allegheny County), Pennsylvania (the “Site”). Figure 1 identifies the Site location on a U.S. Geological
Survey Quadrangle map.

This Site-specific SAP serves as a companion document to the “Turtle Creek Valley Council of
Governments, Programmatic Quality Assurance Project Plan (QAPP), Phase | and Phase I
Environmental Site Assessments, Multiple Properties, Allegheny County, Pennsylvania® (KU Resources,
Inc., May 2013) previously approved by the U.S. Environmental Protection Agency (U.S. EPA). This Site-
specific SAP identifies the specific procedures to be followed during the implementation of the additional
Phase |l assessment activities to facilitate the production of representative and valid data during the
investigative activities at the Site.

In accordance with the Programmatic QAPP, the format of this Site-specific SAP is consistent with the
U.S. EPA Region Il Site-Specific Sampling and Analysis Plan Template, Draft Interim Final, dated August
1999. Pursuant to this guidance document, the following technical elements are included within this SAP:

e Project Management (Sections A.1 through A.4);

e Measurement/Data Acquisition (Sections B.1 through B.4);
e Assessment and Oversight (Sections C.1 through C.2); and
e Data Validation and Usability (Section D).

Standard Operating Procedures (SOPs) for Phase Il ESA field investigations were incorporated as
Attachment A of the previously approved QAPP. This SAP will be conducted in accordance with a site-
specific health and safety plan (HASP) and will follow in general accordance with the ASTM International
Standards (ASTM, 2013).
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A. PROJECT MANAGEMENT
A1 Site Information/Background

A.1.1 Background/Objectives

The Site was identified by TCVOG as a brownfields site with both viable redevelopment potential, and
some degree of potential environmental concerns which warranted assessment. The Site is being
assessed under its U.S. EPA-sponsored brownfields program for potential environmental liabilities
associated with the Site prior to owner redevelopment of the property or a third party potentially becoming
an owner or operator of the Site through purchase, acquisition, lease, renovation, or development of the
land or buildings at this location.

The objective of this SAP is to verify if organic constituents are present in the Site soil via an intrusive
sampling and analysis program.

A.1.2 Relevant Site Characteristics

A.1.2.1 Property Description

The Site is a portion of the larger Industrial Center of McKeesport property, located along Lysle Boulevard
in McKeesport (Allegheny County), Pennsylvania. The Site encompasses approximately 1 acre of land.
The Site is recorded in the Allegheny County Tax Assessment as the east portion of Parcel 0307-D-
00001-0000-00. Figure 2 provides an aerial photograph of the Site layout.

The Site is situated on the north side of Center Street, and commercial/light industrial properties surround
the Site. Access to the Site is via Center Street to the south. The north boundary of the Site is bordered
by the bicycle trail and railroad tracks. The Site is generally topographically level. The nearest surface
water (Monongahela River) is located immediately beyond the railroad tracks to the north of the Site.

No structures are located on the Site. A gravel area is located in the center portion of the Site. The
remaining portions are vegetated.

A.1.2.2 Current Uses of the Property

The Site is currently a vacant, industrial property. The Regional Industrial Development Corporation of
Southwestern Pennsylvania Growth Fund (RIDC Growth Fund), represented by Mr. Daniel Sharek,
currently owns the Site. The west portion of Parcel 307-D-001 (not included in the Site area) consists of a
former railroad roundhouse structure, which is currently unoccupied.

Direct utility service is not currently provided to the Site. However, electric, natural gas, and city water
and sanitary appear to be available to nearby properties.
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A.1.2.3 Past Uses of the Property

As presented in the Groundwater Quality Assessment Summary Report (ICF Kaiser, 1993), the history of
the Industrial Center of McKeesport dates back to 1870, when the Flagler Company purchased the
partially rebuilt works of the Fulton-Bolman Company in McKeesport. Shortly thereafter, the Flagler
Company became incorporated as the National Tube Works. In 1899, the 13 major tube and pipe
producers, including the National Tube Works, were consolidated and named the National Tube
Company. On March 1, 1901, the National Tube Works became a subsidiary of the United States Steel
Corporation (USS). Although the National Tube Works never included a coke plant, it served as the
“mother plant” of the USS Eastern Steel Operations’ tubular products section for the next 80 years.

Throughout the 1900s, the National Tube Works produced steel tube and pipe of varying sizes and
characteristics. In 1969, the National Tube Works merged with the USS Duquesne Works located across
the Monongahela River. Following this merger, many of the operations at the National Tube Works were
shut down, including the closing of the open hearth, blooming mill, rolling mill, and all but one of the blast
furnaces. Figure 3 shows the mill operations on the Site as they appeared in the 1980s. Specifically, the
Site formerly consisted of the Laddle Repair Building and a portion of the Blowing Room structure.

In 1987, the National Tube Works shut down, and ownership was transferred to Allegheny County in
1989. In 1990, the Allegheny County Industrial Development Authority transferred ownership of the 135~
acre site to the RIDC Growth Fund. In an effort to revitalize the City of McKeesport, create jobs, and
promote economic growth, the RIDC Growth Fund began preparing the site for redevelopment as an
industrial park. This ongoing effort has included the following:

¢ Removal and off-site disposal of polychlorinated biphenyls (PCBs) and PCB-contaminated
electrical equipment;

o Removal, decontamination, and off-site disposal of materials from tanks, vessels, equipment, and
piping;

e Asbestos abatement;

e Staging, removal, transportation, and off-site disposal of approximately 2000 drums;

o Removal of eight underground storage tanks;

e Remediation of over 100 concrete pits and sumps;

e Removal, transportation, and off-site disposal of waste piles;

e Renovation of selected existing buildings and portions of buildings;

o Demolition of various buildings not suited for renovation;

o Construction of new infrastructure;

e Construction of a new building housing an industrial operation near the main entrance of the
facility; and

e Refurbishment of a portion of the McKeesport Commons facility for use by Echostar.
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In 1993, the property was designated as a General Industrial District by the City of McKeesport. The
subdivided parcels within the Industrial Center of McKeesport are, therefore, permitted for uses such as
manufacturing, printing and publishing, warehouse/storage, vehicle repair, and railroad or truck terminals.
Other conditional uses for which the land has been approved include research and development, testing
laboratories, and warehouse/storage facilities for hazardous materials.

A.1.2.4 Current/Past Uses of Adjoining Properties

Current Uses
The current uses of the adjoining properties include the following:

e North: bicycle trail, railroad tracks, Monongahela River;

e South: Center Street, beyond which is Steel City Products (automotive supply manufacturing and
distribution center);

e [East: Consolidated Power Supply (commercial business that sells nuclear certified products),
and

e West: former railroad roundhouse structure — currently unoccupied.

Past Uses

The past uses of the adjoining properties were all included in the history of the Industrial Center of
McKeesport (Section A.1.2.3) but, more specifically, the adjoining properties were occupied by the
following structures:

e North: pump station and railroad tracks;

e South: train turn-tables and blast furnaces;

e East: sub-station, electric repair shop, bar mill, and billet peelers; and
e West: railroad roundhouse.

A.1.2.5 Historical Site Characterization
The historical site characterization reports that included the Site are:

e Environmental Assessment of the USX Corporation National and Duquesne Plants by Duncan,
Lagnese, and Associates, Inc. (DLA) in May 1988;

e Groundwater Contamination Study, Final Report by DLA in October 1988,

o Groundwater Quality Assessment Summary Report by ICF Kaiser Engineers, Inc. (ICF Kaiser) in
August 1993;

o Soil Assessment Program Summary Report by ICF Kaiser in January 1997,
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¢ Remedial Investigation, Baseline Risk Assessment, and Cleanup Plan (RI-RA-CP Report) by KU
Resources in June 2000;

e Supplemental Addendum to Remedial Investigation, Baseline Risk Assessment, and Cleanup
Plan by KU Resources in January 2001; and

e Cleanup Plan Addendum by KU Resources in May 2012.

A Final Report and Environmental Covenant were submitted and approved for the Industrial Center of
McKeesport in October 2013 and May 2014; however, Parcel 307-D-001 (including the Site) was not
included in these documents.

A.1.2.6 Physical Setting

Please refer to Figure 1 that illustrates the location of the Site on a U.S. Geological Survey 7.5-minute
topographic map. Regional and site geology and hydrogeology were discussed by both DLA (1988a,
1988b) and ICF Kaiser (1993).

Site Geology

According to DLA and ICF Kaiser, at the Industrial Center of McKeesport property (includes the Site), a
surficial fill unt is present that is comprised primarily of poorly sorted slag ranging to cobble size. This unit
ranges to as much as 35 feet thick. The natural soil underlying the slag fill generally consists of layers of
sand and silty clay, interspersed with gravel. This unit is present to depths of up to 80 feet. The upper
bedrock, encountered at a depth of 80 feet, was reported to be a red-gray clay shale.

Groundwater

Based on water levels in the monitoring wells installed by DLA and ICF Kaiser, it was determined that the
aquifer present in the unconsolidated materials (slag fill and natural soils) at the Industrial Center of
McKeesport property is continuous to the bedrock surface, and that groundwater flow is north, to the
Monongahela River. Water levels were generally found between depths of 25 to 30 feet below grade.
Groundwater velocities were estimated to be between 1 and 10 feet per year.

A.1.2.7 Conclusions of the Previous Reports

According to the 2000 RI-RA-CP Report, newly acquired Site data and physical Site information were
compiled with the previously-collected information and compared with the Pennsylvania Act 2 Statewide
Health Standard Medium Specific Concentrations (MSCs). A conceptual site model was then developed,
constituents of concern (COCs) in soil and groundwater were identified, five exposure pathways of
interest were identified, and pathway elimination approaches were developed to address four of the five
identified exposure pathways of interest. These pathway elimination approaches included waste removal
activities, pavement and vegetated soil covers, and groundwater use restrictions. The remaining
exposure pathway of interest that could not be addressed by pathway elimination was the groundwater to
surface water pathway. The RA evaluated this pathway and demonstrated that estimated in-stream
concentrations were well below the Pennsylvania surface water quality criteria for both aquatic life and
human health. No further action was required for this pathway. The ecological receptor evaluation
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concluded that no potentially viable habitats for ecological receptors are located on the property due to
site development and physical conditions.

Identified COCs on the Industrial Center of McKeesport property included the following:

e Soil:

Benzo(b)fluoranthene,
Benzo(k)fluoranthene,
Cadmium,

Iron,

Lead,

Mercury,

Methylene Chloride, and
Vanadium.

O 0O 0O O 0O 0O O ©

e Groundwater:
o Ammonia,
o Lead,
o Naphthalene, and
o Tetrachloroethene (PCE).

A.2  Project Description

A.2.1 Description of Work to be Performed

Based on the findings of the previous reports, the additional Phase Il assessment activities will include
the collection of surface and subsurface soil samples at various locations to assess soil quality at the Site.
Specific sample design and methodology are provided within Section B of this Site-specific SAP.

A.2.2 Applicable or Relevant and Appropriate Requirements

The primary Applicable or Relevant and Appropriate Requirement for brownfield site assessments in
Pennsylvania is the Pennsylvania Land Recycling and Environmental Remediation Standards Act. This
voluntary state regulatory program, commonly referred to as Pennsylvania’s Act 2, was developed to
address the environmental problems associated with unused and abandoned industrial sites within the
Commonwealth. Act 2 was enacted in May 1995 and provides for the following:

e The Recycling of Existing Industrial and Commercial Sites

- Minimizes Greenfield Development

- Promotes the Reuse of Sites in Economically Impacted Areas
e Defines Cleanup Liability
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- Sets Obtainable Standards Protective of the Environment
- Promotes Voluntary Cleanup Activity
e Establishes a Framework for Remediation Standards
- Site Cleanup Based on Actual Risk
- Development of Numeric Requirements
- Provides Clear Predictable Standards
e Establishes the Industrial Sites Cleanup Fund
- An Aid to Redevelopment Interests
e Provides a Mechanism to Obtain a Release of Liability for Environmental Conditions on Real
Estate

The Act 2 regulations were enacted in AUgust 1997 and were updated in 2011. The regulations provide
the regulatory framework under which the procurement of Act 2 liability protection can be obtained. The
Act 2 Technical Guidance Manual was issued in December 1997 and updated in December 2001 to
assist in the interpretation of the rules and regulations, and to establish PADEP policy regarding
subjective issues. As a result of these documents, a formal process of submittals, notices, and
procedures has been established. A summary of the primary elements of the Act 2 process are as
follows:

1. Public Notice
e Publish a Notice of Intent to Remediate in local newspaper.
e Notify local government of Intent to Remediate.

2. Remedial Investigation

e Includes an environmental assessment that may be detailed in a Work Plan submitted to and
approved by the PADEP.

e Intended to determine the nature and extent of contamination.

e Used to determine which one of three available Act 2 standards will be achieved:
- Site-Specific Standard
- Statewide Health Standard
- Background Standard

e Results in a report that documents the findings of the Remedial Investigation.

3. Cleanup Activities/Risk Assessment (as applicable)
e As warranted, cleanup and/or risk assessment activities may be warranted to attain the
selected Act 2 standard. Cleanup and/or risk assessment activities are then documented in a
report submitted to the PADEP.
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4. Final Report
o Report intended to document the attainment of an Act 2 Standard.
e Attainment of an Act 2 Standard provides the cleanup liability protection. A letter from the
PADEP is issued documenting its concurrence with the attainment demonstration in the Final
Report.

Act 2 is a voluntary program which is utilized by property owners and other stakeholders in cases where
they seek to obtain the liability protection available under the Act 2 program. The sampling and analysis
program identified within this SAP has been prepared based upon general Act 2 program requirements,
to facilitate possible continuation of the Site in the Act 2 program at a future date.

A.2.3 Proposed Action Levels

The analytical results of the sampling and analysis program for soil will be compared against the
tabulated Pennsylvania Act 2 MSCs for preliminary screening purposes. The Act 2 MSC tables consider
multiple site characteristics and end-use scenarios (e.g., used aquifer versus non-used aquifer,
residential site versus non-residential site, etc.), and the analytical data will be compared to the most
applicable Act 2 screening values, to the extent possible, based on the available Site information. In
instances where specific Site information is limited, the analytical data will be compared against multiple
screening values which may be applicable, such as the U.S. EPA Regional Screening Levels.

A.2.4 Data Quality Objectives Process

This section provides a brief summary of the data quality objectives (DQO) process, which incorporates
the following information:

e State the problem;

e Identify the decision(s) to be made;

e Identify what information is needed to make informed, defensible decisions;
e Define the boundaries of the investigation,;

e Develop a decision rule; and

¢  Specify the limits on decision error.

The DQOs are summarized in Table 1.

A.3  Project Timeline

The scope of work activities identified within this SAP will require approximately 4 weeks to complete per
the following anticipated project timeline:
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APPROXIMATE
ACTIVITY START DATE COMPLETION DATE
1) Planning/Preparatory Activities Week 1 (Upon Approval) Week 1
2) Field Work Week 1 Week 1
(Excavate trenches and
collect soil samples)
3) Analytical Data Analysis and Week 3 Week 3
Data Validation, if needed
4) Report Week 4 Week 4

A.4  Measurement Quality Objectives

The approved QAPP establishes the program-wide Measurement Quality Objectives (Section A.3 of the
QAPP). See Table 3, Measurement Quality Indicators.

B. MEASUREMENT AND DATA ACQUISITION

B.1  Conceptual Site Model

The potential for adverse risks to arise from contact with constituents in an environmental medium is
based on the following four factors: 1) chemicals must be present at hazardous levels, 2) an
environmental medium must be present to receive or transport the chemicals, 3) receptors must be
present, and 4) exposure pathways must exist between the source of the chemicals and receptors. In the
absence of any one of the four components, risks do not exist. The presence of all four elements
indicates a potential for risks to human health, but does not necessarily indicate an unacceptable risk.

Development of a conceptual site model is a critical step in the Phase Il ESA process to identify the
potential sources of constituents, the release mechanisms into environmental media, and potential
exposure pathways and receptors.

Target Analytes

The Site and adjoining properties were historically utilized as portions of a larger industrial facility, the
Industrial Center of McKeesport. The history of the Industrial Center of McKeesport dates back to 1870
and included the following:

e Fulton-Bolman Company
e Flagler Company

e National Tube Works

e National Tube Company
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The National Tube Works/Company produced steel tube and pipe of varying sizes and characteristics.
The Site specifically consisted of the former Laddle Repair Building and a portion of the Blowing Room
structure. In 1987, the National Tube Works shut down. Since circa 1987, the Site has been vacant.

According to the 2000 RI-RA-CP Report, constituents detected above the applicable MSCs in soil at the
Industrial Center of McKeesport included cadmium, iron, lead, mercury, vanadium, benzo(b)fluoranthene,
benzo(k)fluoranthene, and methylene chloride. Constituents detected above the applicable MSCs in
groundwater were lead, ammonia, naphthalene, and PCE. Based on the findings of the RI-RA-CP
Report, the additional Phase Il assessment SAP activities will include the collection of surface and
subsurface soil samples at various locations to augment the existing soil quality data for the Site. These
soil samples will be analyzed for organic constituents only; in order to verify that these constituents are
located on the Site. Itis assumed from past data that metals are present at the Site, since metal
contamination was dispersed throughout the Industrial Center of McKeesport property. Organic
constituent detections were more isolated.

Pathways of Interest

Information regarding Site hydrogeology indicates that there is a relatively thick unsaturated zone present
across the Site, with groundwater levels occurring at depths of 25 to 30 feet. The upper unit is
predominantly composed of slag fill, with minor occurrences of other fill materials such as brick, sand, and
soil.

There is no evidence suggesting the disposal of chemical waste materials during the placement of this fill
unit. Any constituents present in soils at the Site would, therefore, be expected to have originated from
facility operations, and entered Site soils at or near the ground surface. For these constituents to enter
groundwater, they would have to migrate through the remaining thickness of unsaturated fill via a
leaching mechanism to a depth of 25 to 30 feet below grade. Any subsequent constituent migration in the
groundwater would be to the north, with an ultimate discharge to the Monongahela River.

In a typical setting, multiple migration pathways exist that create the potential for contact between
chemical constituents and receptors. These pathways include direct ingestion, inhalation, or dermal
contact with soil and/or groundwater. Constituents may also migrate through the soil to groundwater, and
groundwater may migrate to surface water. Finally, vapors from contaminants present in soil and/or
groundwater may migrate upwards to the surface, creating an indoor air exposure pathway. Act 2 allows
a remediator to eliminate potential migration exposure pathways where it can be demonstrated that the
pathway either does not exist or results in acceptable exposure levels based upon current guidance or
regulations.

Groundwater is not currently in use on the Site or adjoining properties. These properties are provided
water from the municipal water supplier. Future use of groundwater will be restricted via an
environmental covenant. Therefore, further groundwater characterization is not included in this SAP.
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B.2 Sampling Design

A comprehensive sampling design program has been developed to verify if organic constituents are
present in the Site soil. The following will be incorporated into the sample design:

e  Soil samples will be collected from with the 0- to 4-foot depth interval from four excavated
trenches.

e One trench, each, will be located in the four cardinal quadrangles of the Site (North, South, East,

' and West). These trenches will overlap slightly to ensure that the entire Site is covered.

¢ Two composite soil samples will be collected from each of the four trench areas for a total of eight
samples, with the exception of any suspect material.

e  Suspect material (material with visible and/or odorous indications of soil quality impacts) will be
sampled separately.

e All of the soil samples will be analyzed for Target Compound List (TCL) PCBs and TCL semi-
volatile organic compounds (SVOCs).

e All of the soil samples will be field screened with a photoionization detector (PID). Any soil
samples that are above background levels on the PID will also be analyzed for TCL volatile
organic compounds (VOCs).

e TCL PCBs will be analyzed via laboratory Method 8082A. TCL SVOCs will be analyzed via
Method 8270D. TCL VOCs will be analyzed via Method 8260C.

Data collected will be compared to Pennsylvania’s Act 2 MSCs for non-residential soil direct contact and
soil to groundwater. Figure 2 identifies the Site boundaries and the sampling locations on an aerial
photograph. The soil samples proposed in the SAP will also provide general on-Site soil quality
information.

B.3 Sampling Method

The program-wide sampling methodologies and SOPs for the Turtle Creek Valley Council of
Governments’ (TCVCOG's) Cooperative Agreement have been provided within the QAPP and will be
followed during the implementation of this SAP. These SOPs are included in Appendix A of the SAP. A
summary of the sampling techniques for the various environmental media to be investigated at the Site
follows. See Table 2 for sampling and analytical methods requirements.

B.3.1 Trench Sampling Method

Trenches will be excavated to 4 feet below ground surface, equipment refusal/bedrock, or groundwater,
whichever occurs first. The trenches will be excavated using a back-hoe vehicle. Two composite soil
samples will be collected from ground surface to the bottom of each trench.

All samples will be examined in the field, and field logs noting soil and lithologic descriptions,
environmental quality observations, and other pertinent information will be maintained. Based on field
observations (i.e., visible and/or odorous indications of soil quality impacts), selected aliquots of soil
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samples will be field-screened. The soil samples will be field screened with a PID equipped with a
10.6 electron volt (eV) lamp. The soil samples will be screened on a minimum of 2-foot intervals. The
soil samples will be placed into air-tight zipped baggies, following excavation. Screening of these
samples will occur immediately after opening each baggie. The results of the field screening will be
recorded as a parts-per-million concentration in the field logbook.

These results will be used to determine if the soil samples will be submitted for TCL VOC analysis, in
addition to TCL PCB and TCL SVOC analyses. Additional soil samples may be collected based on field
observations of the trenches. Samples selected for laboratory analysis will be transferred to sample
containers. Trenches will be backfilled upon completion of the sampling.

In accordance with EPA Method 5035, sample containers utilized for VOC analysis will be prepared in the
laboratory. Sample container preparation will consist of adding a clean magnetic stirring bar and
appropriate preservative (either sodium bisulfate or methanol) to a 40-ml vial, attaching a pre-marked
label to the vial, and weighing it to the nearest 0.1 gram. Samples will be collected in the field by inserting
a plastic syringe (with the end removed) into the soil being sampled. The sample will then be transferred
from the syringe to the 40-ml vial, placed in a packing container, and preserved by packing the sample
vial in ice.

The soil samples will be submitted to a certified laboratory for analysis. Filled sample containers will be
placed on ice in insulated coolers pending completion of each day's sampling activities. Samples will be
packaged for delivery to the laboratory at the completion of each working day, ensuring that the samples
will remain cool (approximately 4° C) until logged in by the laboratory. The shipping containers will be
accompanied by a completed lab-supplied chain-of-custody form.

B.3.2 Investigation-Derived Waste Sampling Method

During the course of the field investigation, disposable/single-use equipment, personal protective
equipment, and investigation-derived waste (IDW) samples (e.g., soil boring cuttings) can be generated.
IDW will be segregated and containerized, as needed, for proper disposal.

B.4  Analytical Methods Requirements

The analytical methods to be used during the implementation of this Site-specific SAP are identified in
Section B.2, Sampling Design. The QAPP also addresses the analytical parameters of TCVCOG's
overall Cooperative Agreement with the U.S. EPA.

C. ASSESSMENT AND OVERSIGHT

C.1  Performance and Systems Audits

During field activities, the Quality Control Manager of the project will determine whether the field activities
are following protocols delineated in the QAPP and SAP. If the protocols are not being followed, the
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procedures described in Section C.1 of the QAPP will be implemented to address how these issues will
be handled and resolved.

Only laboratories that have defined QA protocol will be selected.

C.2 Reports to Managements

Status reports will not be required as the Site activities will be complete within one month'’s time. If the
project is delayed for three months or more, quarterly status reports will be prepared.

D. DATA VALIDATION AND USABILITY

The QAPP (Section D) provides the data validation and usability protocols and how the overall DQOs for
this project will be met by verifying the methods and results to collect, develop, and report the data.

Any issues associated with data usability will be resolved through the consultant’s experience with the
protocols and limitations associated with Pennsylvania’s Act 2 program. Any limitations on the use of the
data will be conveyed to the decision makers through periodic program updates, as well as within the
Additional Phase Il Assessment Activities report which will document the implementation of this SAP.
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Table 3
Measurement Quality Indicators

Action Limit™" (mg/kg)

Subsurface
Surface Soil Soil
Analyte Matrix (0-2 ft) (2-15 ft) |Precision| Accuracy Completeness

VOCs — Methods 8260C & 8270D

Acetone Soil 9200 9200 30 40-100 Equal to or greater than 95%
Benzene Soil 0.5 0.5 30 70-130 Equal to or greater than 95%
Bromodichloromethane Soil 9 9 30 40-150 Equal to or greater than 95%
Bromoform Soil 8 8 30 40-170 Equal to or greater than 95%
Bromomethane Soil 1 1 30 25-180 Equal to or greater than 95%
2-Butanone (M EK) Soll 400 400 30 60-140 Equal to or greater than 95%
Carbon disulfide Solil 620 620 30 70-125 Equal to or greater than 95%
Carbon tetrachloride Soil 0.5 0.5 30 70-130 Equal to or greater than 95%
Chlorobenzene Soil 10 10 30 40-160 Equal to or greater than 95%
Chloroethane Solil 90 90 30 25-180 Equal to or greater than 95%
Chloroform Soil 8 8 30 50-150 Equal to or greater than 95%
Chloromethane Soil 3 3 30 25-180 Equal to or greater than 95%
Dibromochloromethane Soll 8 8 30 40-150 Equal to or greater than 95%
1 ,2-Dioh|orobenzene Soil 60 60 30 20-175 Equal to or greater than 95%
1,3 Dichlorobenzene Soil 60 60 30 60-155 Equal to or greater than 95%
1,4 Dichlorobenzene Soll 10 10 30 20-175 Equal to or greater than 95%
1 ,1 ~Dichloroethane Soil 16 16 30 60-150 Equal to or greater than 95%
1,2-Dichloroethane Soll 0.5 0.5 30 50-150 Equal to or greater than 95%
1,2-Dichloroethene Soil 7 7 30 50-155 Equal to or greater than 95%
1,1—Dichloroethene Soll 0.7 0.7 30 25-180 Equal to or greater than 95%
1,2—Dichloropropane Soll 0.5 0.5 30 25-180 Equal to or greater than 95%
cis-1 ,3—Dich|oropr0pene Soll 2.6 2.6 30 20-180 Equal to or greater than 95%
trans-1 ,3-Dich|oropropene Soil 2.6 2.6 30 20-180 Equal to or greater than 95%
Ethylbenzene Soll 70 70 30 40-160 Equal to or greater than 95%
2-Hexanone Solil 4.4 4.4 30 60-140 Equal to or greater than 95%
Methylene Chloride Soil 0.5 0.5 30 25-180 Equal to or greater than 95%
4—Methyl-2-pentanone (MIBK) Solil 820 820 30 60-140 Equal to or greater than 95%
Methyl—tert—butyl ether Soil 2 2 30 70-130 Equal to or greater than 95%
Styrene Soil 24 24 30 70-140 Equal to or greater than 95%
1 ,1 ,2,2-Tetrach|oroethane Soil 043 0.43 30 50-160 Equal to or greater than 95%
Tetrachloroethene Soil 0.5 0.5 30 60-150 Equal to or greater than 95%
Toluene Soil 100 100 30 50-140 Equal to or greater than 95%
1 ,1 ,1 -Trochloroethane Soll 20 20 30 50-160 Equal to or greater than 95%
1,1,2-Trochloroethane Soil 0.5 0.5 30 50-150 Equal to or greater than 95%
Trichloroethene Solil 0.5 0.5 30 70-150 Equal to or greater than 95%
VinyI chloride Soll 0.2 0.2 30 20-180 Equal to or greater than 95%
Xylenes, Total Soil 1000 1000 30 70-140

Equal to or greater than 95%




Table 3
Measurement Quality Indicators

Action Limit!" (mg/kg)

Subsurface
Surface Soil Soil
Analyte Matrix (0-2 ft) (2-15 ft) |Precision| Accuracy Completeness

SVOCs — Method 8270D

Acenaphthene Soil 4700 4700 30 60-110 Equal to or greater than 95%
Acenaphthylene Soil 6900 6900 30 60-110 Equal to or greater than 95%
Anthracene Soil 350 350 30 60-110 Equal to or greater than 95%
Benzo(a)anthracene Soil 110 320 30 60-110 Equal to or greater than 95%
Benzo(a)pyrene Soil 11 46 30 60-110 Equal to or greater than 95%
Benzo(b)fluoranthene Soil 110 170 30 60-110 Equal to or greater than 95%
Benzo(g,h,i)perylene Soil 180 180 30 40-125 Equal to or greater than 95%
Benzo(k)fluoranthene Soil 610 610 30 60-125 Equal fo or greater than 95%
Benzyl alcohol Soll 5100 5100 30 25-150 Equal to or greater than 95%
4—Bromophenyphenyl ether Soil - - 30 50-140 Equal to or greater than 95%
Butylbenzylphthalate Soil 10000 10000 30 40-130 Equal to or greater than 95%
4-Chloro-3-m ethylphenol Soil " s 30 50-115 Equal to or greater than 95%
4-Chloroaniline Soil 1.6 1.6 30 30-170 Equal to or greater than 95%
bis(2-ChIoroethoxy) methane Sail 31 31 30 30-180 Equal to or greater than 95%
bis(2—ChI0roethyI) ether Soil 0.076 0.076 30 25-160 Equal to or greater than 95%
Bis(2-Chloroisopropyl) ether Soil 30 30 30 40-170 Equal to or greater than 95%
2-Chloronaphthalene Soil 18000 18000 30 30-170 Equal to or greater than 95%
2-Ch|oropheno| Soll 4.4 4.4 30 50-110 . Equal to or greater than 95%
4—Ch|orophenylphenyl ether Soil " T 30 50-150 Equal to or greater than 95%
Chrysene Soll 230 230 30 60-110 Equal to or greater than 95%
Dibenzo(a, h)anthracene Soil 11 160 30 50-125 Equal to or greater than 95%
Dibenzofuran Soil 260 260 30 50-130 Equal to or greater than 95%
1,2 Dichlorobenzene Soil 60 60 30 20-175 Equal to or greater than 95%
1 ,3-Dich|orobenzene Sail 61 61 30 60-155 Equal to or greater than 95%
1,4-Dich|orobenzene Soll 10 10 30 20-175 Equal to or greater than 95%
3,3’-Dich|orobenzidine Soll 32 32 30 30-170 Equal to or greater than 95%
2,4—Dichloropheno| Solil 2 2 30 50-110 Equal to or greater than 95%
Diethyl phthalate Soll 8200 8200 30 25-120 Equal to or greater than 95%
2,4-Dimethylphenol Soil 200 200 30 40-110 Equal to or greater than 95%
Dimethylphthalate Soil - - 30 25-120 Equal to or greater than 95%
Di—n-butyl phthalate Soil - - 30 60-160 Equal to or greater than 95%
4,6—Dinitro—2-methylphenol Soil - s 30 50-135 Equal to or greater than 95%
2,4—Dinitropheno| Soil 20 20 30 30-130 Equal to or greater than 95%
2,4-Dinitroto|uene Soll 0.84 0.84 30 40-140 Equal to or greater than 95%
2,6-Dinitroto|uene Soil 10 10 30 50-160 Equal to or greater than 95%
Di-ni-octylphthalate Soil 300 300 30 25-150 Equal to or greater than 95%
bis(2-EthyIhexyl)phthalate Soil 130 130 30 756-160 Equal fo or greater than 95%
Fluoranthene Soll 3200 3200 30 60-110 Equal to or greater than 95%
Fluorene Solil 3800 3800 30 60-110 Equal to or greater than 95%
Hexachloro-1 ,3-butadiene Soll 39 39 30 30-170 Equal to or greater than 95%
Hexachlorobenzene Soll 0.96 0.96 30 25-150 Equal to or greater than 95%
Hexachlorocyclopentadiene Soil 91 1 30 30-170 Equal to or greater than 95%
Hexachloroethane Soil 0.56 0.56 30 40-140 Equal to or greater than 95%
lndeno(1 2, 3—cd)pyrene Soil 110 110 30 50-120 Equal to or greater than 95%
Isophorone Soil 10 10 30 20-190 Equal to or greater than 95%
2-Methynaphthalene Soil 1600 1600 30 40-140

Equal to or greater than 95%




Table 3
Measurement Quality Indicators

Action Limit") (mg/kg)

Subsurface
Surface Soil Soil
Analyte Matrix (0-2 ft) (2-15 ft) |Precision| Accuracy Completeness
SVOCs — Method 8270D »
2—Methylphenol(o-cresok) Soil 510 510 30 50-115 Equal to or greater than 95%
3,4-Methyphenol(m&p CI’GSO|) Soil 51 51 30 30-125 Equal to or greater than 95%
Naphthalene Soil 25 25 30 40-110 Equal to or greater than 95%
2-Nitroaniline Soil 31 31 30 30-150 Equal to or greater than 95%
3-Nitroaniline Soil 3.1 3.1 30 30-150 Equal to or greater than 95%
4-Nitroaniline Soil 13 13 30 30-150 Equal to or greater than 95%
Nitrobenzene Soil 20 20 30 30-150 Equal to or greater than 95%
2—Nitropheno| Soil 82 82 30 50-110 Equal to or greater than 95%
4—Nitropheno| Sail 6 6 30 50-130 Equal to or greater than 95%
N-Nitroso-di-n-propylamine Soil 0.0001 0.0001 30 20-150 Equal to or greater than 95%
N-Nitrosodiphenylamine Soil 0.0018 0.0018 30 40-150 Equal to or greater than 95%
Pentachlorophenol Soil 5 5 30 50-120 Equal to or greater than 95%
Phenanthrene Soil 10000 10000 30 60-110 Equal to or greater than 95%
Phenol Soll 200 200 30 40-100 Equal to or greater than 95%
Pyrene Soll 2200 2200 30 50-115 Equal to or greater than 95%
1,2,4-Trichlorobenzene Saoil 27 27 30 75-125 Equal to or greater than 95%
2,4,5-Trichlorophenol Sall 6100 6100 30 60-115 Equal to or greater than 95%
2,4,6-Trich|orophenol Soll 29 29 30 60-115 Equal to or greater than 95%
PCBs — Method 8082A
Aroclor 1016 Soil 200 200 30 60-130 Equal to or greater than 95%
Aroclor 1221 Sail 0.63 0.63 NA NA Equal to or greater than 95%
Aroclor 1232 Soil 3.3 3.3 NA NA Equal to or greater than 95%
Aroclor 1242 Soil 16 16 NA NA Equal to or greater than 95%
Aroclor 1248 Soil 40 62 NA NA Equal to or greater than 95%
Aroclor 1254 Solil 40 260 NA NA Equal to or greater than 95%
Aroclor 1260 Soil 40 590 30 60-130 Equal to or greater than 95%
Note:

('Pennsylvania Act 2 Non-residential, Used Aquifer, Medium-Specific Concentrations (MSCs). The MSCs listed for soil
represents the concentration of direct contact or soil to groundwater, whichever is the lowest, for the each of the analytes.
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1.0 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description of
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the field classification system described in this SOP. This identification is based on visual
examination and manual tests.

5.1 Materials Needed

When logging soil and rock samples, the geologist or engineer may be equipped with the following:

Rock hammer

Knife

Camera

Dilute hydrochloric acid {HCI)

Ruler (marked in tenths and hundredths of feet)
Hand Lens

5.2 Classification of Soils

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed.
Details on filling out the boring log are discussed in Section 5.5.

019611/P
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FIGURE 1
BORING LOG (EXAMPLE)
BORING LOG Page _of _

PROJECT NAME: BORING NUMBER:"
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: _ DRILLER: _

B A ] MATERIAL DESCRIPTION T PIDIFID Reading (ppm)
Sampte | Depth | Blows/ Sampls | Lithology T 7T U
No.and| (Ft} | 6" or RQD|Recoverys| Change
Typoor| or %) Sample | (DepthiFe,)| 3ol Density/ s Nls

RAD Run Ne| il e | cotor Material Classification g Remarks 'é £ % E '

Interval "-::::.' - & uE.; 2 :E:

A —_ 1 I O
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ reading frequency if elevated respansefead. Drilling Area
Remarks: Background (ppm):[____|
Converted to Well: Yes No

Well 1.D. #:

019611/P
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5.21 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common component
of soil but has no size range; it is recognized by its composition. The careful study of the USCS will aid in
developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in
description, the term rock fragments shall be used to indicate angular granular materials resuiting from the
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area,
and therefore the term provides additional information in reconstructing the depositional environment of
the soils encountered. When the term "rock fragments” is used it shall be followed by a size designation
such as "(1/4 inch®-1/2 inch®)" or "coarse-sand size" either immediately after the entry or in the remarks
column. The USCS classification would not be affected by this variation in terms.

5.2.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to
describe colors. Samplers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors. Mottling
in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.

5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed).

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.3. Those designations are:

019611/P
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Designation Standard Penetration
Resistance
(Blows per Foot)
Very loose Oto4
Loose 51010
Medium dense 11to0 30
Dense 31 to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

5.24 Weight Percentages

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Defining Range of

Component Percentages by Weight
Trace 0 - 10 percent
Some 11 - 30 percent

LAdjective form of the soil type (e.g., "sandy") 31 - 50 percent

019611/P
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FIGURE2

CONSISTENCY FOR COHESIVE SOILS

Consistency [ Standard Unconfined Field Identification
Penetration Compressive
Resistance Strength
(Blows per (Tons/Sq. Foot by
Foot) pocket
penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft 2to4 0.25t0 0.50 Easily penetrated several inches by
thumb
Medium stiff 4t08 0.50t0 1.0 Can be penetrated several inches by
thumb with moderate effort
Stiff 8to 15 1.0t020 Readily indented by thumb but
penetrated only with great effort
Very stiff 1510 30 20t04.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

019611/P
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Examples:

e Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

¢ Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt.
» Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay.
o Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

5.25 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing
moisture, it is important that the method used by an individual remains consistent throughout an entire
drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.2.6 Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used for
stratification description is shown in Figure 3.

5.2.7 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).

5.2.8 Summary of Soil Classification

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The
hierarchy of classification is as follows:

Density and/or consistency
Color

Plasticity (Optional)

Soil types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

019611/P ) Tetra Tech NUS, Inc.
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FIGURE 3

BEDDING THICKNESS CLASSIFICATION

Thickness Thickness Classification
(metric) (Approximate
English Equivalent)
> 1.0 meter >3.3 Massive
30 cm - 1 meter 1.0'-3.3 Thick Bedded
10cm-30cm 4"-1.0 Medium Bedded
3cm-10cm 1" - 4" Thin Bedded
1cm-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/5" Laminated
1mm-3mm 1/32" - 1/8" Thinly Laminated
<1 mm <1/32" Micro Laminated

(Weir, 1973 and Ingram, 1954)
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53 Classification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied to
~ the types of rocks found in sedimentary sequences:

e Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter.

¢ Siltstone - Made up of granular materials less than 1/16to 1/256 mm in diameter. Fractures
irregularly. Medium thick to thick bedded.

» Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores.

e Shale - A fissile very fine-grained rock. Fractures along bedding planes.

» Limestone - Rock made up predominantly of calcite (CaCO,). Effervesces strongly upon the
application of dilute hydrochloric acid.

e Coal - Rock consisting mainly of organic remains.

» Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic
record. The local abundance of any of these rock types is dependent upon the depositional history of
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types
found in lesser amounts.

In classifying a sedimentary rock the following hierarchy shall be noted:

Rock type

Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

5.31 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier.
Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly
different than the USCS subdivision for soil classification. For field determination of grain sizes, a scale
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the
grains are not distinguishable with a hand lens, the rock is a claystone.

019611/P
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FIGURE 4

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name

Grain Size Diameter

Cobbles > 64 mm
Pebbles 4 -64 mm
Granules 2-4mm

Very Coarse Sand 1-2mm
Coarse Sand 0.5-1mm
Medium Sand 0.25-0.5mm
Fine Sand 0.125 - 0.25 mm
Very Fine Sand 0.0625 - 0.125 mm
Silt 0.0039 - 0.0625 mm

After Wentworth, 1922
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5.3.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be classified while wet, when possible, and air cored samples shaII be scraped clean of cuttings prior to
color classifications.

Rock color charts shall not be used unless specified by the Project Manager.

5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

5.3.4 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the
rock. A relative scale for sedimentary rock hardness is as follows:

» Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail.
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon
and firm bedrock).

* Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges
from single hammer blow.

e Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from
single hammer blow.

e Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be
scratched with screwdriver. .

Note the difference in usage here of the works "scratch”" and "gouge." A scratch shall be considered a
slight depression in the rock (do not mistake the scraping off of rock flour from dr|II|ng with a scratch in the
rock itself), while a gouge is much deeper.

5.3.5 Fracturing

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing.
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the
following terms:

Very broken (V. BR.) - Less than 2-inch spacing between fractures
Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL.) - 1- to 3-foot spacing between fractures

Massive (M.) - 3 to 10-foot spacing between fractures

019611/P
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Calculating RQD
(After Deere, 1964)

RQD % =1/l x 100

r= Total length of all pieces of the lithologic unit being measured, which are greater than
4inches length, and have resulted from natural breaks. Natural breaks include
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling),
friable zones, etc.

| = Total length of the coring run.

5.3.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of
weathering: :

e Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock
has a bright appearance.

e Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of
joints may occur. Feldspar grains may show some alteration.

» Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to
weathering and can be easily broken with hammer.

» Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of
becoming a soil. Rock is very weak.

5.3.7 Other Characteristics

The following items shall be included in the rock description:

Description of contact between two rock units. These can be sharp or gradational.

Stratification (parallel, cross stratified).

Description of any filled cavities or vugs.

Cementation (calcareous, siliceous, hematitic).

Description of any joints or open fractures.

Observation of the presence of fossils.

Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and
degree of weathering.

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring special consideration and sampling.
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5.3.8 Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

e Seam - Thin (12 inches or less), probably continuous layer.

e Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some
shale seams."

e Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone -- few
shale seams."

e Interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale.”

» Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal
amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

o Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene.

e Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained
equivalent of a granite.

¢ Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.
e Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende.

e Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely
used for any coarse-grained dark igneous rock.

The following are some basic names that are applied to metamorphic rocks:

s Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains
predominantly chlorite, mica, quartz, and sericite.

e Phyliite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage
surface.

e Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous
minerals which dominate its composition.

.o Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

s Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of
quartz sand with silica cement.
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5.4

Abbreviations

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum.
Following are some of the abbreviations that may be used:

C - Coarse Lt - Light Yl - Yellow

Med - Medium I|BR - Broken Or - Orange

F - Fine |BL - Blocky SS - Sandstone
\% - Very M - Massive Sh - Shale

Sl Slight IBr - Brown LS Limestone
Occ Occasional I8 - Black Fgr Fine-grained
Tr Trace |

5.5

Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample boring log
has been provided as Figure 5.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains
space for 25 feet of log. Information regarding classification details is provided either on the back of the
boring log or on a separate sheet, for field use.

5.5.1

Soil Classification

Identify site name, boring number, job number, etc. Elevations and water level data to be entered
when surveyed data is available. '

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration
Resistance) diagonally (as shown). Standard penetration resistance is covered in Section 5.2.3.

Determine sample recovery/sample length as shown. Measure the total length of sample recovered
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash
material that may be in the upper portion of the sample tube.

Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this
increment. This information is helpful in the construction of cross-sections. As an alternative,
symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two increments.
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the
appropriate column. Refer to Section 5.2.3.
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FIGURE 5
COMPLETED BORING LOG (EXAMPLE)
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+ Enter color of the material in the appropriate column.

» Describe material using the USCS. Limit this column for sample description only. The predominant
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil
descriptors to the following:

- Trace: 0-10 percent
- Some: 11 - 30 percent
- And/Or: 31 - 50 percent

» Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic
material, etc.

e Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic
groups, a borderline symbol may be used with the two symbols separated by a slash. For example -
ML/CL or SM/SP.

* The following information shall be entered under the "Remarks" column and shall include, but is not
limited by, the following: '

- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated.
These terms are determined by the individual. Whatever method is used to determine moisture,
be consistent throughout the log.

- Angularity - describe angularity of coarse grained particles using the terms angular, subangular,
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms.

- Particle shape - flat, elongated, or flat and elongated.
- Maximum particle size or dimension.
- Water level observations.
- Reaction with HCI - none, weak, or strong.
e Additional comments:

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss
or gain of water.

- Indicate odor and Photoionization Detector (PID) or Flame lonization Detector (FID) reading if
applicable.

- Indicate any change in lithology by drawing a line through. the lithology change column and
indicate the depth. This will help when cross-sections are subsequently constructed.

- At the bottom of the page indicate type of rig, driling method, hammer size and drop, and any
other useful information (i.e., borehole size, casing set, changes in drilling method).
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each
sample to the top of the next sample to indicate consistency of material from sample to sample, if
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then
vertical lines drawn to that point.

- Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of
screen. Other details of well construction are provided on the well construction forms.

5.5.2 | Rock Classification

¢ Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet.
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns.

» Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1.

» Rock hardness is entered under designated column using terms as described on the back of the log
or as explained earlier in this section.

o Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be
scraped clean prior to describing color.

» Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms
as needed. For igneous and metamorphic rock types use terms as described in Sections 5.3.8.

» Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR,
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log.

e The following information shall be entered under the remarks column. Items shall include but are not
limited to the following:

- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as
high, low), i.e., 70° angle from horizontal, high angle.

- Indicate calcareous zones, description of any cavities or vugs.

- Indicate any loss or gain of drill water.

- Indicate drop of drill tools or change in color of drill water.

¢ Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth casing was set.
- Type of rig used.

s As a final check the boring log shall inciude the following:

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock
material.

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen.
Other details of well construction are provided on the well construction forms.
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5.5.3 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are obtained.
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on
subsurface lithology. Some procedures that shall be followed when logging cuttings are:

e Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future
reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely
examined to determine general lithology.

¢ Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

e Note drop or chattering of drilling tools or a change in the rate of driling, to determine fracture
locations or lithologic changes.

e Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential
fracture zones.

» Record this and any other useful information onto the boring log as provided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud
rotary methods.

5.6 Review

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include:
» Checking for consistency of all logs.

* Checking for conformance to the guideline.

»  Checking to see that all information is entered in their respective columns and spaces.

6.0 REFERENCES

Unified Soil Classification System (USCS).
ASTM D2488, 1985.
Earth Manual, U.S. Department of the Interior, 1974,

7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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1.0 PURPOSE

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to
obtain soil, both surface and subsurface, and rock samples during field sampling activities.

20 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

The sampling methods described within this procedure are applicable to collecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavation/foundation design, remedial alternative design and related civil engineering purposes.

3.0 GLOSSARY

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded
drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring device
and casing. ,

4.0 RESPONSIBILITIES

Project Manager - In consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and the known or suspected geologic conditions at the site. The Project
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings
and well development water, as well as any specialized supplies or logistical support required for the
drilling operations.

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as
soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final location
for drilling must be properly documented on the boring log. The general area in which the borings are to
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan.
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to
perform the drilling, testing, and well installation program, as well as maintenance and quality control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made unless requested
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative
personnel before approving any changes.

The drilling subcontractor is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open
borings. :

5.0 PROCEDURES
51 General

The purpose of drilling boreholes is:

s To determine the type, thickness, and certain physical and chemical properties of the soil, water and
rock strata which underlie the site.
» To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the site geologist as
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would
include installation of multiple well points within a small area, or a "second attempt" boring adjacent to a
boring that could not be continued through resistant material. In the latter case, the boring log can be
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered
at the original location. If significant differences are seen, each hole should be logged separately.

5.2 Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicable to the proposed program should be identified with final selection
based on relative cost, availability, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilling program.
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5.21 Continuous-Flight Hollow-Stem Auger Drilling

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive.
Advantages of this type of drilling include:

» Samples can be obtained without pulling the augers out of the hole. However, this is a poor method
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or
thin-wall tube samplers advanced through the hollow core of the auger.

No drilling fluids are required. :

s Awell can be installed inside the auger stem and backfilled as the augers are withdrawn.

Disadvantages and limitations of this method of drilling include:
» Augering can only be done in unconsolidated materials.

e The inside diameter of hollow stem augers used for well instaliation should be at least 4 inches
greater than the well casing. Use of such large-diameter hollow-stem augers is more expensive than
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density
of unconsolidated materials and depths become more of a limiting factor. More friction is produced
with the larger diameter auger and subsequently greater torque is needed to advance the boring.

o The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size
of augers used.

» In augering through clean sand formations below the water table, the sand will tend to flow into the
hollow stem when the plug is removed for soil sampling or well installation. If the condition of
"running” or "flowing" sands is persistent at a site, an alternative method of drilling is recommended,
in particular for wells or boreholes deeper than 25 feet.

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With
these other methods, great care must be taken to ensure that the method does not interfere with the
collection of a representative sample (which may be the prime objective of the borehole construction).
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is:

- Cable tool

- Casing drive (air)
- Airrotary

- Mud rotary

- Rotosonic

- Drive and wash

- Jetting

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases,
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock
coring.

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for weli
instaliation. However, when drilling below the water table, specially designed plugs which allow passage
of formation water but not solid material shall be used (see Reference 1 of this guideline). This drilling
configuration method also prevents blow back and plugging of the auger when the plug is removed for
sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods should be attempted. [f the depth to the bedrock/soil
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be
conducted (see Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined by
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted.
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer,
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the
water table. Backfilling requirements may also be driven by state or local regulations.

5.2.2 Continuous-Flight Solid-Stem Auger Drilling

This drilling method is similar to hollow-stem augering. Practical application of this method is severely
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be
performed without pulling the augers out, which may allow the hole to collapse. The continuous-flight
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and
depth to water may be difficult to determine while drilling.

There would be very few situations where use of a solid-stem auger would be preferable to other drilling
methods. The only practical applications of this method would be to drill boreholes for well installation
where no lithologic information is desired and the soils are such that the borehole can be expected to
remain open after the augers are withdrawn. Alternatively, this technique can be used to find depth to
bedrock in an area when no other information is required from drilling.

523 Rotary Drilling

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary drill
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque
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and ram range to rotate and force the bit to the desired depth. The drilling machine must, howevef, be
equipped with any accessory equipment needed to perform .required sampling, or coring. Prior to
sampling, any settled drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehote. Air circulation serves to both cool the bit and remove
the cuttings from the borehole. Advantages of this method include:

The drilling rate is high (even in rock).

The cost per foot of drilling is relatively low.

Air-rotary rigs are common in most areas.

No drilling fluid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method include:

+ Formations must be logged from the cuttings that are blown to the surface and thus the depths of
materials logged are approximate.

* Air blown into the formation during drilling may "bind" the formation and impede well development and
natural groundwater flow.

* In-situ samples cannot be taken, unless the hole is cased.
s Casing must generally be used in unconsolidated materials. -
s  Air-rotary drill rigs are large and heavy.

e Large amounts of Investigation Derived Waste (IDW) may be generated which may req'uire
containerization, sampling, and off-site disposal.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as it
drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock coring
although they are generally slower than other types of core drills. A major application of the air-rotary
drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mud") or
clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of fluids
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drilling fluid
other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a "background" sample of
the fluid should be taken for analysis of possible organic or inorganic contaminants.

Advantages to the fluid-rotary drilling method include:

¢ The ability to drill in many types of formations.

» Relatively quick and inexpensive.

+ Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing drill
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.
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¢ In some borings temporary casing may not be needed és the drilling fluids may keep the borehole
open.

s Drill rigs are readily available in most areas.
Disadvantages to this method include:

» Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-spoon)
samples are not taken (i.e., the depths of materials logged from cuttings delivered to the surface are
approximate).

e Driling fluids reduce permeability of the formation adjacent to the boring to some degree, and require
more extensive well development than "dry" techniques (augering, air-rotary).

* No information on depth to water is obtainable while drilling.

+ Fluids are needed for drilling, and there is some question about the effects of the drilling fluids on
subsequent water samples obtained. For this reason as well, extensive well development may be
required.

* In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously
lost into the formation. This requires either constant replenishment of the drilling fluid, or the use of
casing through this formation.

¢ Drill rigs are large and heavy, and must be supported with supplied water.
e Groundwater samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using methods
and materials appropriate for the given site and a new boring started a short distance away at a location
determined by the project geologist.

5.24 Rotosonic Drilling

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most bedrock
formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for sampling
and can advance up to a 12-inch diameter outer casing for the construction of standard and telescoped
monitoring wells. During drilling, the core barrel is advanced ahead of the outer barrel in increments as
determined by the site geoiogist and depending upon type of material, degree of subsurface
contamination and sampling objectives.
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The outer casing can be advanced at the same time as the inner drilf string and core barrel, or advanced
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry in
most cases, or can be advanced with water or air depending upon the formations being drilled, the depth
and diameter of the hole, or requirements of the project.

Advantages of this method include:

+ Sampling and well installation are faster as compared to other drilling methods.

e Continuous sampling, with larger sample volume as compared to split-spoon sampling.

+ The ability to drill through difficult formations such as cobbles or bouiders, hard till and bedrock.

e Reduction of IDW by an average of 70 to 80 percent.

+ Well installations are quick and controlled by elimination of potential bridging of annular materials
during well installation, due to the ability to vibrate the outer casing during removal.

Disadvantages include:

e - The cost for Rotosonic drilling as compared to other methods are generally higher. However, the net
result can be a signiﬁcant savings considering reduced |DW and shortened project duration.

* Rotosonic drill rigs are large and need ample room to drlll however, Rotosonic units can be placed on
the ground or placed on an ATV.

» There are a limited number of Rotosonic drilling contractors at the present time.

5.2.5 Reverse Circulation Rotary Drilling

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and the
large-diameter 